Abstract
Introduction
High-rate and long-life lithium-ion batteries have long been expected as automotive and next-generation industrial batteries. Cathode active material/carbon composites have been studied as means of prolonging cycle life of such batteries (1, 2) as well as cathode active materials have been studied to improve lithium-ion cell capacity and rate capability (3) (4) (5) (6) (7) .
On the other hand, some researchers have fabricate nanocarbons using chemical vapor deposition (CVD) (8) (9) (10) (11) . Nanocarbons produced using CVD has a helical shape and are reported to be semimetals with the potential to be superconductive materials (12) . This suggests that they have high potential for use as conductive materials for the cathodes of lithium-ion cells. We have fabricated LiCoO 2 /helical nanocarbon (HCN) composites and evaluated their electrochemical properties (13 Results and Discussion Figure 1 shows a scanning electron microscope (SEM) image of the LiCoO 2 /HCN composite.
HCNs are formed on the LiCoO 2 surface. However, the HCNs are not distributed uniformly and the bare LiCoO 2 surface can be seen. HCNs have a helical shape with a diameter of 200 nm or smaller.
We generally observed HCNs with an irregular helical shape. We have not found an optimum fabrication condition of HCNs with a regular helical shape. By fabricating at 350 o C, amorphous nanocarbons (C in Fig. 7) , formed on the LiCoO 2 substrate (A in Fig. 7) , and there was no significant difference in shape due to the existence of Fe 2 O 3 . We also observed a tetragonal thin layer (B in Fig. 7 ) on the substrate A. Figure 8 shows Table 2 shows intensity ratios of main peaks of Li 2 CO 3 (peak B in Fig. 9 ), CoO (peak C in Fig. 9 ), and Co (peak D in Fig. 9 ) based on LiCoO 2 peak (peak A in Fig. 9 ). XRD peak intensity ratios indicate that LiCoO 2 decomposition was significantly inhibited by coating with Fe 2 O 3 and that HCN fabrication temperature decreased.
We estimated the electrochemical properties of LiCoO 2 /nanocarbon composites using a lithium cell. Figure 10 shows Fig. 11 
